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Abstract 
The effect of photon flux density on the noise properties of optically illuminated Double Drift Region (DDR) Mixed 
Tunneling Avalanche Transit Time (MITATT) device is investigated in this paper. An analytical model is proposed 
to obtain a relationship between the normalized difference of electron and hole current density of DDR device and the 
incident photon flux on it. Simulation is carried out to study the small signal noise spectral density and noise measure 
of the device under optical illumination.  Two illumination configurations i.e., Flip Chip (FC) and Top Mounted 
(TM) structures are considered in the simulation. The device is designed to operate at mm-wave window frequency at 
W-band. The results show that avalanche noise measures of FC and TM structures of photo irradiated device are 37.1 
dB and 40.2 dB respectively for an incident photon flux density of 1024 m-2 sec-1 at 1000 nm wavelength near band 
gap absorption of Silicon. The noise measure of the un-illuminated device is found to be 35 dB. The results indicate 
that the increase of avalanche noise due to the incident photon flux can be reduced if FC structure is taken instead of 
TM structure. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of C3IT 
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1. Introduction 
The incident optical radiation on Avalanche Transit Time devices such as IMPATTs and MITATTs 
leads to optical control of the microwave and mm-wave properties of these devices .The optical control 
provides an additional control over normal electronic control of the device and is of considerable research 
interest in view of its application in optoelectronic integrated circuits and phased array antennas for space 
based communication and imaging. Several optical control functions of the photo-irradiated device such 
as modulation of RF power, frequency tuning, injection locking have already been experimentally 
demonstrated [1-4]. The physical mechanism underlying these control functions is generation of 
photocurrent and consequent enhancement of leakage current in reverse biased device. Since the noise 
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level of IMPATT devices is very high due to the statistical nature of carrier generation by impact 
ionization, it is interesting to study the effect of photo irradiation leading to various optical control 
functions on the avalanche noise of IMPATTs .The noise analysis of the un-illuminated device under dark 
condition has been reported by several researchers. The pioneering work on small-signal noise analysis of 
IMPATT diode was reported by Gummel and Blue [5], for arbitrary doping profile and realistic field 
dependent carrier ionization rates. Dash et al [6] used Gummel-Blue model to carry out the noise analysis 
in Mixed Tunneling and Avalanche Transit Time (MITATT) device on the framework of well-known 
double iterative field maximum simulation technique first reported by Roy et al [7-8]. They estimated 
noise spectral density of both symmetrically doped double drift (DDR) and also quasi Read high-low 
diode structures of Si MITATTs at an assumed junction temperature of 2000 C. Acharyya et al [9] adopted 
a similar approach [6] to carry out the noise analysis of an asymmetrically doped flat-profile Si MITATT 
device by incorporating the effect of series resistance and realistic junction temperature in their analysis. 
All these works are concerned with the avalanche noise property of different structures of IMPATT and 
MITATT devices under dark condition. But so far as the author’s knowledge is concerned no work has 
yet been reported on the noise property of the devices under optical illumination. The authors in this 
paper have proposed a model for simulating the small-signal avalanche noise in photo illuminated FC and 
TM structures of DDR Silicon MITATT device to study the effect of optical radiation on the noise 
performance of the device. The proposed model to study the effect of optical illumination on the 
avalanche noise of the device with varying incident photon flux density is described in section 2 of this 
paper.  The results obtained from the simulation of the avalanche noise properties of the device under 
both dark and illuminated conditions are presented in section 3.  
2.  The analytical model  and simulation methodology for the noise analysis of the device under 
optical illumination 
The optical energy can be fed to the conventional vertical structure of IMPATTs by shining light on 
either p+-side (Top Mounted (TM)) or n+-side (Flip Chip (FC)) of the ring contact of mesa device through 
a controlled optical window [1, 3, 10-11] as shown in Fig. 1. In this section, a relationship between 
incident photon flux and the normalized difference of electron and hole current density at the depletion 
layer edges is established.  This relation is incorporated in the simulation program to study the effect of 
optical illumination for different photon flux density on the noise properties of DDR Silicon MITATT 
device for operation at and around millimeter-wave window frequency of 94 GHz. The electron and hole 
multiplication factors (Mn & Mp) are given by, 
 Totalnsn J/JM 0  and  Totalpsp J/JM 0      (1) 
Where, Jns/ps(Total) is the total electron/hole reverse saturation current having two components, i.e. (a) 
thermally generated saturation current and (b) optically generated saturation current. Thus, 
     OptnsThnsTotalns JJJ    and      OptpsThpsTotalps JJJ      (2) 
The expression for thermally generated electron and hole reverse saturation currents are given by, 
   npnThns L/nqDJ 0  and    pnpThps L/pqDJ 0      (3) 
The values of diffusion coefficients of Silicon (Dn/p) at 500 K are taken from [12]. The diffusion lengths 
of electrons (Ln) and holes (Lp) in Si at 500 K are 35.4 ȝm and 10.0 ȝm respectively [12]. Let us consider 
that a photon flux of Ɏ0(Ȝ) m-2 sec-1 of wavelength Ȝ be incident on either p+ or n+-layer of vertical 
IMPATT device. Assuming that the internal quantum efficiency is 100% i.e., absorption of each photon 
creates one electron-hole pair (EHP), the generation rate of EHPs as a function of distance x from the 
surface is obtained from [13] as, 
       > @  xL e.RxG ODOOOD ) 10         (4) 
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Where, Į(Ȝ) and R(Ȝ) are the absorption coefficient (m-1) and reflectance [R = (n2 – n1)/ (n2 + n1); n2 = 
refractive index of the semiconductor, n1 = refractive index of air] of the semiconductor material 
respectively at a wavelength of Ȝ. For DDR MITATTs, the photon flux Ɏ0 may be incident on either p+ or 
n+ surfaces depending on Top Mount (TM) or Flip Chip (FC) structure respectively. So, EHP generation 
rate at the leading edge of p or n-drift layers is obtained from equation (4) by substituting, 
 pWx    for TM and  nWx    for FC       (5) 
Now, optically generated electron and hole reverse saturation current densities at the edges of the 
depletion layer are given by, 
  nLOptns LqGJ    and   pLOptps LqGJ        (6) 
By using equations (1) to (3) and equation (6), the normalized  difference of electron and hole current 
density at the depletion layer edges are given by, 
     pppLnp LJ/LJLGpDqP 002020   and      nnLpnn LJ/LGnDqLJWP 0200 2   (7) 

Fig. 1. Schematic diagram of (a) top mounted (TM) and (b) flip chip (FC) DDR IMPATT structures under optical-illumination. 
Equation (7) gives the relationship between incident photon flux and the normalized difference of 
electron and hole current density at the depletion layer edges. This relationship is used as one of the 
boundary conditions in the proposed model for simulation of the noise properties of the device under 
optical illumination. 
3. Results and Discussion 
The effect of optical illumination for different photon flux intensity of different wavelengths on the 
mm-wave properties of DDR MITATTs can be studied by incorporating normalized current density 
boundary conditions given in equation (7) into the double iterative computer method [7-8]. A DDR 
Silicon MITATT device is designed and optimized to operate at W-band. The design parameters are listed 
in Table 1 in [9]. The noise analysis of the W-band MITATT diode under dark condition was earlier 
reported by the authors [9]. The purpose of the present paper is to study the effect of optical illumination 
on the noise properties of double drift Silicon MITATT device in both Flip Chip (FC) and Top Mounted 
(TM) configurations. The simulated values of DC and small-signal parameters of the device under dark 
and two illumination configurations for different photon flux densities are given in Tables 1 and 2 
respectively. The results show that optical illumination leads to modulation of both DC and high 
frequency properties of the device. Further it is observed from Tables 1 and 2 that both the DC and small-
signal properties of DDR Si MITATT device are more sensitive to electron dominated photo current 
(Ins(opt) in TM structure) than to hole dominated photo current (Ips(opt) in FC structure). The above 
phenomenon was earlier demonstrated [1, 10] and explained in [11, 14]. The simulation results also show 
that the optical illumination causes a shift of optimum frequency and a decrease of output power of the 
device. Further higher photon flux density in TM structure where the photocurrent is electron dominated 
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leads to significant amount of frequency shift as well as decrease of output power. Fig. 3 shows the plot 
of noise measure against operating frequency under (i) dark condition (Ɏ0 = 0) and (ii) two illumination 
configurations (TM and FC) for different photon flux densities corresponding to different levels of 
intensity of illumination at 1000 nm wavelength close to the band gap absorption of Silicon.  As expected 
the noise measure of the device increases as the intensity of the incident photon flux increases. This 
phenomenon can be explained from the following fact. The avalanche width of the device increases with 
the increase of intensity of incident optical energy (Table 1) which enhances the random fluctuations in 
impact ionization phenomena inside the avalanche region. Thus the device becomes noisier and noise 
spectral density increases. It is further observed that the increase of noise measure due to optical 
illumination is more pronounced in TM structure than in FC structure. The simulated noise measure is 
observed to be 40.2 dB in TM structure, whereas the same is 37.1 dB in FC structure for an incident 
photon flux density of 1024 m-2 sec-1 at 1000 nm wavelength. In the dark condition the noise measure of 
the device is found to be much lower i.e., 35 dB. The variation of noise measure of DDR Silicon 
MITATT device in both TM and FC illumination configurations with wavelength of the incident optical 
radiation is shown in Fig. 4. It is observed that the noise measure of the device increases with decrease of 
photon wavelength. This is due to the fact that shorter wavelength photons generate higher photo current 
at the depletion layer edges and consequently the noise measure of the device increases. 
Table 1. DC Parameters of DDR Silicon MITATT device under dark and two illumination configurations for different photon flux 
densities (J0 = 5×108 Amp/m2, Ȝ = 1000 nm).
Optical Illumination 
Conditions 
Ɏ0(Ȝ) 
 (m-2 sec-1)
Ins(opt) 
(ȝA)  
Ips(opt)
(ȝA)
Em 
 (×107 Volt/m) 
VB  
(Volt)
xA 
(ȝm) 
Ș (%)
Dark 0 0 0 6.2998 20.88 0.300 9.34 
Flip Chip 
1022 0 0.16 6.2931 20.56 0.305 9.23 
1023 0 1.76 6.2867 20.12 0.311 9.11 
1024 0 27.41 6.2810 19.83 0.320 8.89 
Top Mounted 
1022 0.54 0 6.2854 20.14 0.312 9.13 
1023 5.52 0 6.2808 19.89 0.321 8.77 
1024 46.78 0 6.2733 19.62 0.334 8.26 
Table 2. Small-signal Parameters of DDR Silicon MITATT device under dark and two illumination configurations for different 
photon flux densities (J0 = 5×108 Amp/m2, Ȝ = 1000 nm). 
Optical Illumination 
Conditions 
Ɏ0(Ȝ)  
(m-2 sec-1)
fp (GHz) GP 
(×107 S/m2)
QP  ZR  
(×10-8 Ohm.m2)
PRF (Watt)
Dark 0 122.00 -6.4045 2.31 -0.2466 0.9382 
Flip Chip 
1022 122.19 -6.3927 2.44 -0.2250 0.9129 
1023 122.52 -6.3741 2.51 -0.2149 0.8817 
1024 122.78 -6.3522 2.59 -0.2042 0.8480 
Top Mounted 
1022 122.46 -6.3729 2.57 -0.2063 0.8846 
1023 122.92 -6.3212 2.79 -0.1801 0.8391 
1024 123.39 -6.2375 3.01 -0.1594 0.7796 
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Fig. 3. The effect of Optical Illumination on the Noise Measure versus frequency curves of (a) Top Mounted (TM) and (b) Flip Chip
(FC) illumination configurations of W-Band DDR Silicon MITATT device (Rs = 0 Ohm, J0 = 5×108 Amp/m2, Ȝ = 1000 nm).
Fig. 5. Variation of Noise Measure of the W-band DDR Silicon MITATT device with Wavelength for different Photon flux 
Densities (Rs = 0 Ohm, J0 = 5×108 Amp/m2). 
The effect of optical illumination on the noise properties of DDR MITATT device is found to be 
more pronounced in TM structure than in FC structure. Although the optical modulation of millimeter-
wave properties of the IMPATT/MITATT device is practically used for frequency tuning and control of 
output power, it leads to an increase of noise in the device. The present study reveals that the increase of 
noise measure of the device due to photo irradiation can be reduced to some extent if Flip Chip 
illumination configuration (where the light is incident on n+n interface and the photo current is hole 
dominated) is taken instead of Top Mount configuration (where the light is incident on p+p interface and 
the photo current is electron dominated). 
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